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ABSTRACT: Mitochondria, vital organelles existing in almost
all eukaryotic cells, play a crucial role in energy metabolism
and apoptosis of aerobic organisms. In this work, we report
two new flavone-based fluorescent probes, MC-Mitol and
MC-Mito2, for monitoring mitochondria in living cells. These
two probes exhibit remarkably low toxicity, good cell
permeability, and high specificity; these probes complement
the existing library of mitochondrial imaging agents. The new
dyes give nearly no background fluorescence, and their
application does not require tedious postwashing after cell
staining. The appreciable tolerance of MC-Mito2 encourages a
broader range of biological applications for understanding the
cell degeneration and apoptosis mechanism.
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B INTRODUCTION

Monitoring the biomolecular and biochemical process in
organisms is a fundamental issue in biosensing, with
applications from fundamental biological research to clinical
diagnostics.l_3 Mitochondria, membrane-bound organelles
found in most eukaryotic cells,* play important roles in
numerous vital cellular processes, such as energy supply,
reactive oxygen species generation, signaling, cellular differ-
entiation, and cell death.” The mitochondrial network displays
remarkable plasticity during the development of certain tissues.
The morphology of mitochondria is affected by cell type, cell
cycle stage, and intracellular metabohc state, which in turn
contributes to cell functioning.® Recent reports show that the
mitochondria are also crucially 1nvolved in various pathologies,
from Alzheimer’s disease to cancer.”® Thus, development of a
convenient and efficient mitochondrial imaging method is of
great fundamental importance for understanding the cell
biochemistry process and early diagnosis of disease.
Fluorescence techniques are particularly well suited for
biological application, because they are noninvasive and highly
sensitive. So far, a few fluorescent dyes have been developed for
mitochondrial imaging, such as rhodamines,”'® rosamines,'""*
carbocyanines,'® and BODIPY dyes,"*”"” with some showing
two-photon emission (TPE) properties."® >> However, most
mitochondrial probes, such as BODIPY dyes, give strong
fluorescence signals in a buffer solution. During the application,
the unbound probes must be washed off to eliminate the strong
residual signal from the free dyes to improve the signal-to-noise
(S/N) ratio. The time-consuming washing process will
inevitably delay the acquisition of microscopic data.*® In
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addition, the required postapplication washing procedure could
alter the cell environment and hamper the probe’s ability to
monitor mitochondrial changes in real time because the
number and subcellular locations of mitochondria dramatically
change with the cell's metabolic demands.>**> Moreover,
because mitochondria are directly associated with cytoactivity,
the dying cells could be removed during the washing process,
adversely affecting the monitoring of the whole cell apoptosis
cycle’® To overcome this deficiency, aggregation-induced
emission (AIE) dyes”””® have been used to minimize the
fluorescence signals of free dyes. The use of AIE dyes, however,
requires the significant accumulation of dye molecules on the
cells to cause aggregation. Developing a novel strategy that
permits specific mitochondrial labeling without the postappli-
cation washing, thereby allowing continuous observation of the
entire biochemistry process without interruption, remains a
challenge. Although an AIE dye has been used to track the
mitochondria without a washing process,”® it is desirable to
identify a new mechanism that does not require the
accumulation of dye molecules on the cells, which usually
takes a longer time (e.g,, 20 min) and a high concentration to
stain the target.

Environmentally sensitive fluorophores represent a class of
interesting dyes whose emission properties are highly sensitive
to their immediate environment.”” " These dyes can exhibit
scarce fluorescence in polar solvents but become highly
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fluorescent in weakly polar solvents,® so they could be the
ideal candidates for a no-wash assay. Among the environ-
mentally sensitive fluorophores, flavones have exhibited classical
positive solvatochromism features.>*** Because the highly polar
water molecule is a strong H-bond donor, the fluorescence of
flavones can be severely quenched by the intermolecular
electron or proton transfer between dyes and water (Figure
1).% The fluorescence of flavones could be efficiently switched

Intracellular

Extracellular

H,
H-bond '%_Q2°R

3 NCO 5

%<0

Fluorescence ON
(Low-Polar environment)

Fluorescence OFF
(Polar environment)

Figure 1. Wash-free fluorescence imaging method based on flavone
dyes.

on when they are incorporateded by proteins or lipid
membranes into the nonpolar microenvironment in cells.
With the reasoning described above, we assume that flavone
probes could offer attractive features in mitochondrial imaging.
In the new sensor design of MC-Mitol and MC-Mito2, the
environmentally sensitive flavone dyes are conjugated with a
mitochondrion-targeting group triphenylphosphonium. Inter-
estingly, the probes show a large turn-on upon binding to
mitochondria. Because the probes are nearly nonfluorescent in
the aqueous environment, their application no longer requires
tedious postwashing. In addition, as a broad class of natural
products,®**” the flavone-based dyes show very low toxicity
toward living stem cells and could specifically label mitochon-
dria with a short incubation time.

B EXPERIMENTAL SECTION

Synthesis. 3-Hydroxy-2-(4-morpholinophenyl)-4H-chromen-4-
one (MC). 2-Hydroxyacetophenone (2.72 g, 20 mmol) was added to
a solution of the 4-morpholinobenzaldehyde (3.82 g, 20 mmol) in
ethanol (40 mL), and then 20 mL of an aqueous NaOH (8 g) solution
was added slowly. The mixture was stirred at room temperature for 24
h. A H,0, solution (8 mL of 30%) was slowly added to the reaction
solution, which was placed in an ice—water bath. After being stirred at
room temperature for 10 h, the mixture was poured into an ice—water
bath, and the precipitate was collected via filtration and washed with
ethanol. The product was purified by recrystallization from ethanol:
yield 41%; 'H NMR (DMSO-d,, 300 MHz) & 8.176 (d, ] = 9.0 Hz,
2H), 8.087 (d, ] = 7.5 Hz, 1H), 7.775 (m, 2H), 7.447 (m, 1H), 7.091
(d, J = 9.3 Hz, 2H), 3.763 (t, 4H), 3.265 (t, 4H); *C NMR (DMSO-
dg, 75 MHz) 6 173.063, 154. 741, 151.999, 146.507, 138.894, 133.555,
129264, 125.183, 124.773, 121.855, 121.617, 118.636, 114.369,
66.370, 47.707.

{3-[2-(4-Morpholinophenyl)-4-oxo-4H-chromen-3-yloxy]propyl}-
triphenylphosphonium Bromide (MC-Mito1). 3-Hydroxy-2-(4-mor-
pholinophenyl)-4H-chromen-4-one (MC) (0.646 g, 2 mmol), CsCO;
(1.63 g, S mmol), (3-bromopropyl)triphenylphosphonium bromide
(4.61 g 10 mmol), and tetrabutylammonium bromide (1.61 g, S
mmol) were dissolved in 10 mL of dimethylformamide (DMF). The
mixture was stirred at room temperature for 72 h, and the resulting
product was poured into water. The product mixture was extracted
with 20 mL of DCM and dried with Na,SO,. After concentration
under reduced pressure, the residue was purified by column

chromatography (10:1 CH,Cl,/MeOH) to afford a white solid:
yield 55%; '"H NMR (CDCl;, 300 MHz) § 8.150 (d, J = 8.1 Hz, 1H),
8.000 (d, J = 9.0 Hz, 2H), 7.851—7.673 (m, 16H), 7.515 (d, ] = 8.1 Hz,
1H), 7.369 (t, 1H), 6.999 (d, ] = 9.0 Hz, 2H), 4.236 (t, 2H), 4.110 (t,
2H), 3.871 (t, 4H), 3.271 (t, 4H), 2.214 (m, 2H); *C NMR (CDCl,,
75 MHz) & 174.788, 156.724, 155.107, 152.626, 139.189, 135.055,
135015, 134.950, 134.911, 133.881, 133.748, 133.248, 130.499,
130.398, 130.332, 129.951, 125.449, 124.524, 124.007, 120.410,
118.887, 117.954, 117.74S, 114.219, 71.459, 66.624, 47.687, 24.263,
19911; ESI-MS for Cy,H;NO,P* [M*] caled 626.24SS, found
626.2457.

3-(6-Bromohexyloxy)-2-(4-morpholinophenyl)-4H-chromen-4-
one (MC-Br). 3-Hydroxy-2-(4-morpholinophenyl)-4H-chromen-4-one
(MC) (1.615 g S mmol), CsCO; (3.26 g 10 mmol), tetrabuty-
lammonium bromide (3.22 g, 10 mmol), and 1,6-dibromohexane (6 g,
25 mmol) were added to 40 mL of DMF. The mixture was stirred at
room temperature for 72 h and then poured into 200 mL of water.
The mixture was extracted with 50 mL of DCM and then washed with
brine and water. After concentration under reduced pressure, the
residue was purified by column chromatography (1:1 CH,CL/
EtOAc): yield 69%; "H NMR (CDCI,, 300 MHz) & 8.262 (dd, ] =
8.1 Hz, ] = 1.5 Hz, 1H), 8.111 (d, J = 9.3 Hz, 2H), 7.675 (m, 1H),
7.522 (d, J = 8.1 Hz, 1H), 7.401 (m, 1H), 6.997 (d, ] = 9.3 Hz, 2H),
4.078 (t, 2H), 3.908 (t, 4H), 3.394 (t, 2H), 3.339 (t, 4H), 1.860—1.725
(m, 4H), 1.475—1.410 (m, 4H); *C NMR (CDCl;, 75 MHz) §
174.871, 156.053, 155.118, 152.411, 139.731, 133.006, 130.008,
125.712, 124.400, 123.005, 121.368, 117.774, 113.892, 72.190,
66.643, 47.863, 33.764, 32.787, 29.906, 27.923, 25.176.

{6-[2-(4-Morpholinophenyl)-4-oxo-4H-chromen-3-yloxy]hexyl}-
triphenylphosphonium Bromide (MC-Mito2). 3-(6-Bromohexyloxy)-
2-(4-morpholinophenyl)-4H-chromen-4-one (MC-Br) (0.97 g 2
mmol), KI (0.33 g 2 mmol), and triphenylphosphine (2.62 g, 10
mmol) were dissolved in 15 mL of toluene. The mixture was heated to
reflux for 4 h and then cooled to room temperature. The mixture was
poured into 100 mL of ether to precipitate. The crude product was
dissolved in a mixture of 15 mL of DMF and S mL of aqueous NaBr (3
g). The mixture was stirred for 3 h at 50 °C, extracted with S0 mL of
DCM, and washed with 100 mL of water. The solution was
concentrated to S mL and poured into 50 mL of ether. The
precipitate could be used directly without further purification: yield
63%; "H NMR (CDCl;, 300 MHz) & 8.167 (dd, J = 8.1 Hz, ] = 1.5 Hg,
1H), 8.087 (d, ] = 9.0 Hz, 2H), 7.87—7.609 (m, 16H), 7.519 (d, ] = 8.4
Hz, 1H), 7.370 (t, 1H), 7.011 (d, J = 9.3 Hz, 2H), 3.943 (t, 2H), 3.884
(t, 4H), 3.761 (m, 2H), 3.341 (t, 4H), 1.735—1.526 (m, 4H); *C
NMR (CDCl, 75 MHz) & 174.844, 156289, 155.091, 152.516,
139.571, 135.050, 135.012, 133.765, 133.633, 133.046, 130.585,
130.503, 130.419, 129.831, 125.453, 124.375, 124.169, 120.851,
118.810, 117.883, 117.672, 114.027, 71.963, 66.651, 47.773, 30.104,
29.896, 29.579, 25.364, 23332, 22.471; ESLMS for C,H,,NO,P*
[M*] calcd 668.2924, found 668.2913.

Fluorescence Quantum Yield. The fluorescence quantum yields
were obtained using rhodamine 6G (sigma) as the standard (®y =
0.95, in ethanol).*® The fluorescence quantum yields can be calculated
by using the following equation:

® = ®(A,n’E)/(An,’E) (1)

where the subscripts s and r refer to the sample and the standard,
respectively, @ is the quantum yield, F is the integrated emission
intensity, A is the absorbance, and 7 is the refractive index.
Zebrafish Breeding and Imaging. All animal-related procedures
were approved by the Care and Use of Animals in Research
Committee at The University of Akron. Zebrafish (Danio rerio)
were maintained as described in the Zebrafish Book by Westerfield
(2007), University of Oregon. Zebrafish were kept at 28.5 °C and kept
under optimal breeding conditions. For mating, male and female
zebrafish were maintained in one tank at 28.5 °C on a 12 h light/12 h
dark cycle and then the spawning of eggs was triggered by giving light
stimulation in the morning. Almost all the eggs were fertilized
immediately. The zebrafish were maintained in E3 embryo medium
[1S mM NaCl, 0.5 mM KCl, 1 mM MgSO,, 1 mM CaCl,, 0.15 mM
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KH,PO,, 0.05 mM Na,HPO, 0.7 mM NaHCO; and 1075%
methylene blue (pH 7.5)]. The 4 h postfertilization (hpf) zebrafish
embryos were incubated with E3 medium containing S ymol/L MC-
Mitol and MC-Mito2 for 15 min. The fluorescence images of
embryos were directly taken without washing.

Cell Culture and Imaging. Human mesenchymal stem cells
(hMSCs) (Lonza, Walkersville, MD) were cultured in serum-
containing MSCBM medium (Lonza) supplemented with MSCGM
SingleQuots (Lonza) according to the manufacturer’s specifications.
hMSCs (passage 5) were seeded at a density of 1 X 10* cells/cm” For
costaining experiments, the hMSCs were seeded on a 12-well plate,
cultured in MSCBM medium (Lonza) supplemented with MSCGM
SingleQuots (Lonza), and incubated with S yM MC and 25 nM
Mitotracker red CMXRos (MT), 5 uM MC-Br and 25 nM MT, 5 uM
MC-Mitol and 25 nM MT, and 5 uM MC-Mito2 and 25 nM MT for
25 min at 37 °C. Each well contained 1 mL of medium and 0.05 mL of
DMSO (dissolving probe). The cell imaging was obtained on a Zeiss
inverted fluorescence microscope with X-Cite Series 120Q. The blue
channel filter was as follows: excitation at 365 nm, beam splitter FT at
39S nm, and emission at 445/50 nm. The green channel filter was as
follows: excitation at 450—490 nm, beam splitter FT at 510 nm, and
emission at 515—565 nm. The red channel filter was as follows:
excitation at 587/25 nm, beam splitter FT at 605 nm, and emission at
647/70 nm.

Cytotoxicity Determined by the MTT Method. The hMSCs
were seeded in 12-well plates at a density of 5.0 X 10* cells/cm? After
a 24 h incubation, the cells were exposed to a series of doses of probe
MC-Mitol or MC-Mito2 and MT at 37 °C. The concentration of MT
(0,2, 5, or 10 uM) was similar to that reported in the literature.”® After
24 h, the MTT solution (sigma) was added and kept for 3 h in the
incubator. The MTT solubilization solution was then added to each
well, and the plate was gently shaken for 10 min at room temperature.
The absorbance of MTT in the sample well was determined by
subtracting the absorbance of the sample well from that of the
corresponding control well. Cell viability was expressed as the ratio of
the absorbance of MTT in the samgple wells to that of the cells
incubated with culture medium only.>

Effects of Carbonyl Cyanide m-Chlorophenylhydrazone
(CCCP) on Uptake of Dyes. The hMCSc were treated with 10
#M CCCP for 30 min and then washed with fresh medium. After that,
the cells were incubated with § yM MC-Mitol and 25 nM MT or with
5 uM MC-Mito2 and 25 nM MT for 25 min at 37 °C. After being
stained, the cells were imaged with a microscope without the PBS
solution washing procedure.

B RESULTS AND DISCUSSION

MC-Mitol was synthesized by reaction of (3-bromopropyl)-
triphenylphosphonium with 3-hydroxy-2-(4-morpholinophen-
yl)-4H-chromen-4-one (MC) (Figure 2), which was obtained
in two steps by a Claisen—Schmidt condensation and Algar—
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Figure 2. Design and synthesis of MC-Mitol and MC-Mito2.

Flynn—Oyamada reaction.*~* MC-Mito2 was prepared in

two steps from MC by conjugation with a longer linker unit,
followed by reaction with triphenylphosphine. Both MC-Mito1
and MC-Mito2 consist of the flavone fluorophore, alkyl linker,
and triphenylphosphonium as the mitochondrion-targeting
group. The length of the alkyl linker is known to be crucial
for achieving a balanced labeling efficiency and target selectivity
for bioimaging.** The full synthesis and characterization details
of the compounds are given in the Experimental Section and
Figures S1—S8 of the Supporting Information.

In a DMSO solution, MC-Mitol and MC-Mito2 exhibited
similar photophysical properties (Figure 3), showing absorption
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Figure 3. Normalized UV spectra and FL spectra of MC-Mitol
(dashed lines) and MC-Mito2 (solid lines) in a DMSO solution.

maxima at 373 nm and emission maxima at 500 nm. The
emission spectra of dyes were well separated from the
absorption, revealing a large Stokes shift (~127 nm) that is
highly desirable for fluorescence imaging. The environmentally
sensitive properties of MC-Mitol and MC-Mito2 were
examined in different solvents (Figure S9 of the Supporting
Information). The results indicate that MC-Mitol and MC-
Mito2 showed classical positive solvatochromism features of
flavone dyes,** with a correlation between the emission
maximum and relative solvent polarity. The emission spectra
shifted dramatically to longer wavelengths (from 450 to 540
nm) as the solvent polarity was increased. The probe’s ability to
shift the fluorescence from a polar to nonpolar environment
could also facilitate the wash-free application, as the cell-bound
dyes gave emission at wavelengths distinct from those of the
free dye in an aqueous solution.

MC-Mitol and MC-Mito2 were nearly nonfluorescent in
water (QY < 1%), because of specific H-bonding interactions of
water solvents with H-bond acceptor carbonyl groups in a
flavone skeleton.** However, upon addition of bovine serum
albumin (BSA) to the probe water solution, the fluorescence
intensity increased sharply (Figure 4). After addition of 2 equiv
of BSA, the fluorescence intensity of MC-Mitol at 495 nm was
enhanced by ~17-fold, which was accompanied by a large blue-
shift [from 540 to 495 nm (Figure 4a,b)]. The fluorescence
intensity of MC-Mito2 at 490 nm was dramatically enhanced
by ~55-fold upon addition of 2 equiv of BSA, accompanied by
50 nm blue-shift, as well. By using rhodamine 6G in ethanol
(QY = 95%)°® as a reference, the fluorescence quantum yields
(QYs) of MC-Mitol and MC-Mito2 were determined to be
28% and 33%, repectively. The photophysical properties of
MC-Mitol and MC-Mito2 thus point to the potential of
achieving wash-free imaging methods, which normally require
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Figure 4. Fluorescence response of probes MC-Mitol (a) and MC-Mito2 (c) upon addition of different concentrations of BSA in 1 mM HEPES
buffer (1% DMSO). Fluorescence intensity changes of MC-Mitol (b) and MC-Mito2 (d) in the presence of increasing concentrations of BSA in 1
mM HEPES buffer (1% DMSO). [MC-Mitol] = [MC-Mito2] = 2 uM. [BSA] = 0—4 uM. A, = 400 nm.

the probe to possess the following properties: (1) the
fluorophore should be nonfluorescent (or weakly fluorescent)
in water medium, and (2) the fluorescence can be turned on
when the fluorophore crosses the cell membrane into a weakly
polar intracellular environment, which is essential for a high
signal-to-noise ratio.”> To simply verify the imaging properties
of these two dyes, zebrafish embryos 4 h postfertilization were
stained with 5 uM MC-Mitol and MC-Mito2 for 15 min and
then directly used for imaging without a washing process
(Figure S10 of the Supporting Information). The images clearly
show the fluorescence outline around the embryos and a very
weak background signal. The high signal-to-noise ratio (>10)
allows simple wash-free in vivo fluorescence imaging.

Before the application for cell imaging, the cytotoxicities of
MC-Mitol and MC-Mito2 were evaluated by the widely used
MTT assay to evaluate the tolerance of sensors to their working
concentrations. The samples were incubated with 0, 2, 5, or 10
uM MC-Mitol, MC-Mito2, and Mitotracker red CMXRos
(MT) for 24 h (Figure S). The results show that the cell
viabilities of MC-Mito1 and MC-Mito2 were close to 100%. In
contrast, only less than 10% of the cells were viable after
incubation with 5 yM commercial mitochondrial dye MT for
24 h. These results indicate that the wider working
concentrations of MC-Mitol and MC-Mito2 were much easier
to manipulate in bioimaging than those of commercial MT,
which tends to lose specificity and even cause cell apoptosis at
higher concentrations.”’

To assess their cell staining efficiencies, the hMSCs cells were
incubated with MT, MC-Mitol, and MC-Mito2, (Figure S11
of the Supporting Information). Cell staining was continuously
recorded for 3, 10, and 25 min without a washing process. We
found MC-Mitol and MC-Mito2 could quickly stain the living
cells in 10 min. In contrast, the MT required a longer time to
efficiently stain cells. The fluorescence signals of MC-Mitol
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Figure S. Cytotoxicity experiments with MC-Mito1l, MC-Mito2, and
MT at various concentrations in hMSCs (0, 2, 5, and 10 uM) for 24 h.

and MC-Mito2 from the “blue channel” on a fluorescence
microscope (420—470 nm) were confined in cells with a
negligible background signal from the culture medium,
supporting the hypothesis that the flavone dyes gave greater
emission in a weakly polar environment. In general, the S/N
ratios in fluorescent images were >3, which could be considered
acceptable for the discrimination of mitochondria. Therefore,
this wash-free method could be a useful probe for monitoring
of mitochondrial changes in real time.

To determine the subcellular distribution of the probes in
living cells, MT was co-incubated with MC-Mitol and MC-
Mito2. Figure 6 shows that the reticulum-like mitochondria
were widespread across the entire cytoplasm. The subcellular
regions stained with MC-Mitol (blue and green channel)
matched those stained with MT (red channel) very well.
Similarly, the MC-Mito2 staining pattern also matched well
that of MT (Figure 6g—I). Without the targeting group, MC
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Figure 6. Fluorescence images of hMSCs costained with 25 nM MT and S uM MC-Mitol for 25 min (a—f) and 25 nM MT and § 4uM MC-Mito2
for 25 min (g—1). Bright field (a and g), blue channel (b and h), green channel (c and i), red channel (d and j), overlay images of the blue channel
and red channel (e and k), and profiles of locations in the overlay images (f and 1). The scale bar is 100 ym.

Figure 7. Fluorescence images of hMSCs that were pretreated with 10 kM CCCP for 30 min and then costained with 25 nM MT and S uM MC-
Mitol for 25 min (a—d) or 25 nM MT and S M MC-Mito2 for 25 min (f—h). Bright field (a and e), blue channel (b and f), red channel (c and g),
and overlay images of the blue channel and red channel (d and h). The scale bar is 100 ym.

and MC-Br showed almost no colocalization with MT (see
Figures S12 and S13 of the Supporting Information),
confirming that the mitochondrial targetability of these two
probes strongly depends on the triphenylphosphonium group,

despite the fact that the decrease in membrane potential will

severely affect the direction and accumulation of cationic
mitochondrial probes.

Mitochondria can continuously oxidize substrates and
maintain a proton gradient across the lipid bilayer with a very
large membrane potential (—180 mV).* The membrane
potential as the major driving force allows the entrance and
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accumulation of the cationic species into mitochondria rather
than cell plasma.** CCCP is an uncoupler that causes rapid
acidification of mitochondria and dysfunction of ATP synthase,
resulting in a decrease in mitochondrial membrane potential.*’
To confirm the tolerances of MC-Mitol and MC-Mito2,
CCCP was used to treat the cells prior to the staining
procedure. Figure 7 shows the fluorescent images of hMSCs
after they had been pretreated with 10 uM CCCP for 30 min
and stained with probes. It was found that the reticulum-like
mitochondria are mostly transformed to small and dispersed
fragments, because of the CCCP-induced collapse of the
mitochondrial membrane potential associated with the
remodeling of mitochondrial cristae and the subsequent
occurrence of morphological changes in mitochondria.*®

After the treatment of CCCP, the uptake of MT was
decreased by more than half and the specificity became worse
(Figure 7c,g). MC-Mitol showed an imaging signal much
weaker than that in normal cells and almost no more specificity
for mitochondria (Figure 7b). It was expected because a
CCCP-induced decrease in membrane potential will severely
affect the direction and accumulation of cationic mitochondrial
probes. The most commercial mitochondrial probes suffer from
a similar limitation.'® However, under the same condition, the
specificity and sensitivity of MC-Mito2 to mitochondria are
petfectly retained in CCCP-treated cells (Figure 7f). Compared
with that of MC-Mitol, the hydrophobic linker between the
flavone dye and the cation of MC-Mito2 is longer. Because
mitochondrial membranes are composed of phospholipid
bilayers and proteins,* the stronger lipophilicity has been
thought to play an important role in retaining the specificity of
MC-Mito2 in CCCP-treated cells.”’

H CONCLUSION

In summary, we present two novel flavone-based probes, MC-
Mitol and MC-Mito2, for specific mitochondrial imaging. The
probes can be used conviniently to stain living cells without a
washing process. Both MC-Mitol and MC-Mito2 possessed
significant advantages, such as low toxicity, good cell
permeability, high specificity for mitochondria, and real-time
continuous monitoring of mitochondrial morphology. Proper
chemical modification of MC-Mito2 made it appreciably
tolerant to microenvironmental changes in mitochondria,
suggesting it could be a pratical probe for mitochodrial imaging
in live cells.
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